N
onextraction treatment plans for Angle Class II malocclusions often require the distal movement of maxillary molars. One common procedure has been to apply an external force via headgear to the maxillary molars. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] However, the use of headgear requires patient compliance to be effective in Class II correction. With heightened awareness of balance and harmony of the facial profile combined with a need to treat patients with marginal space discrepancies, a variety of methods have been proposed to move molars distally with reduced dependence on patient cooperation.
Most of the fixed appliances used to move molars distally require the use of dental and palatal anchorage. The active components of force might be repelling magnets, [14] [15] [16] [17] [18] coil springs on a continuous archwire, 19 coil springs on a sectional archwire (distal jet and Jones jig), [20] [21] [22] [23] [24] coil springs on a removable appliance, 25 TMA helical springs in a pendulum appliance, [26] [27] [28] or superelastic wires (K-loop). 29 Anchorage loss during the process of moving maxillary first molars distally is a critical consideration. Reports in the literature have stated that the anchorage loss may range between 25% and 80% with different techniques and appliances. Most of the reports in the literature assessing molar change are based on single case analysis, on small sample sizes with findings based on only a few cephalometric measurements, or on a lack of long-term follow-up. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] The Jones jig (Fig 1) is an appliance for moving molars distally. Because it is fixed, it requires limited patient cooperation. Despite the apparent clinical success of the Jones jig for the correction of Class II malocclusions, no comprehensive study has been reported to evaluate distal molar movement and loss of anchorage during use of the appliance. Further, no study has evaluated results at the end of orthodontic treatment or compared this method with the use of extraoral force.
The purpose of this clinical study was to determine (1) the amount and type of maxillary molar movement, The purpose of this study was to determine the effects of the Jones jig appliance on distal movement of maxillary molars and reciprocal effects on premolars and maxillary incisors. Cephalometric radiographs before and after orthodontic treatment of 72 consecutively treated patients, 46 females and 26 males, were measured to define treatment changes attributed to the Jones jig . Comparative measurements were made on a matched sample of 35 patients (20 females and 15 males) treated with cervical headgear by the same clinician. Both series of patients were treated to correct an Angle Class II molar relationship. The molar correction in the Jones jig patients consisted primarily of molar distal movement. Dental, soft tissue, and skeletal changes were evaluated and compared for significant differences between techniques. The results from the Jones jig sample showed the mean maxillary first molar distal movement was 2.51 mm, with distal tipping of 7.53°. The mean reciprocal mesial movement of the maxillary premolar was 2.0 mm, with mesial tipping of 4.76°. The maxillary first molar extruded 0.14 mm; the maxillary premolar extruded 1.88 mm. The maxillary second molars were also moved distally 2.02 mm and tipped distally 7.89°. The longitudinal assessment (initial to completion of orthodontic treatment) showed significant differences between the Jones jig sample and the cervical headgear sample for lower lip to E-line and SNA. The Jones jig sample showed a mean decrease in lower lip to E-line of 0.25 mm versus 1.20 mm (P < .0212) for the headgear sample. SNA decreased 0.40°for the Jones jig sample versus 1.20°(P < .0093) for the headgear sample. However, the Jones jig sample and cervical headgear sample did not show significant differences of the final position in either linear or angular measurements of the maxillary first molars and corresponding premolar-incisor anchor units (2) the extent of mesial movement of the maxillary premolars and incisors used as anchorage, (3) the treatment results at the completion of comprehensive care, and (4) the difference in treatment outcomes between patients treated with the Jones jig appliance and patients treated with cervical headgear.
MATERIAL AND METHODS
Cephalometric radiographs were obtained on 72 consecutively treated individuals from one practice. There were 46 females with a mean age of 14 years 1 month ± 4 years 3 months (range, 7 years 9 months to 32 years 1 month) and 26 males with a mean age of 13 years 4 months ± 4 years 3 months (range, 9 years 10 months to 31 years 1 month). All patients met the following criteria:
1. Nonextraction treatment plans. 2. The Jones jig was used as the first phase of orthodontic treatment for distal movement of maxillary molars to correct the Class II molar relationship. 3. A history of good oral hygiene and no damage to the appliance. 4. Good quality diagnostic cephalometric radiographs with corresponding good visualization of landmarks taken at the beginning of treatment, immediately after removal of the appliance, and immediately after completion of orthodontic treatment.
The comparison treatment sample consisted of matched nonextraction Class II patients from the same office who were treated with Kloehn headgear and Class II elastics. There were 20 females with a mean age of 12 years 3 months ± 1 year 4 months (range, 10 years 3 months to 15 years 0 months) and 15 males with a mean age of 12 years 3 months ± 1 year 7 months (range, 10 years 1 month to 15 years 5 months). The samples used in this comparison were matched by cephalometric values and hence resulted in 72 patients for the Jones jig sample and 35 patients in the cervical headgear sample.
Cephalometric Analysis
Cephalometric radiographs were obtained on all patients before treatment. Soft tissue and skeletal measurements are shown in Fig 2 and dental measurements are shown in Fig 3 . Centroid points were constructed for the crowns of the maxillary first and second molars and premolars as the midpoint between the greatest mesial and distal convexity of the crowns of these teeth as seen on the cephalometric radiograph. Table I shows the measurements made and summary statistics of the Jones jig sample and matched headgear sample before the initiation of orthodontic treatment.
The Jones Jig Appliance
All patients received the Jones jig appliance as described by Jones (personal communication, December 1996) and Jones and White 21 and shown in Fig 4. The palatal button was 0.5 inch in diameter and was anchored to the maxillary second premolars with a 0.036 inch stainless steel wire. After cementation of the modified Nance, one arm of the Jones jig was fit into the 0.045 inch headgear tube and the other arm was fit into the slot of the first molar band. After fitting the Jones jig into the corresponding tube and slot, the appliance was activated by tying the activation loop back with an 0.010 inch ligature off of the anchor tooth bracket.
The appliance uses palatal anchorage and an applied force of 70 to 75 g delivered by a 0.040 inch nickel titanium spring to move the maxillary first molars distally. The coils were reactivated at 4 to 5 week intervals until the desired change in relationship was achieved. When a Class I molar relationship was achieved, the Jones jig was removed and a stopped archwire was placed to maintain the desired molar position.
Twenty-eight patients did not have erupted maxillary second molars past the level of the cementoenamel 
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junction of the adjacent maxillary first molars. Fortyfour patients had erupted maxillary second molars that were neither banded nor bonded with any attachments. The eruption of the maxillary second molars was evaluated to determine whether they affected the amount and type of maxillary first molar movement and premolar/incisor anchorage loss. A second cephalometric radiograph was taken just after removal of the Jones jig. The mean treatment time from the initial radiograph to the immediate post-Jones jig radiograph was 6.35 months ± 2.75 months. A third radiograph was taken at the completion of all orthodontic treatment. The mean total treatment time from initial radiograph to the posttreatment radiograph was 30.40 months ± 9.53 months. All radiographs were traced on acetate paper with a 0.5 mm pencil by one author and digitized with a COMPLOT series 7000 Digitizer. To determine the error of measurement, 10 radiographs were retraced and digitized. There was no statistically significant tracing error for any of the measurements.
The long axis of the maxillary premolars and molars was obtained by drawing a perpendicular to the midpoint of a line connecting the most convex points on the crowns of those teeth. Angular changes were assessed by changes in the relationship of the long axes of the teeth to the sella-nasion plane (Fig 3 A) . The amount of horizontal movement of the maxillary premolar and molars was determined by superimposing cephalometric radiographic tracings on the pterygoid vertical plane 30 (DH Enlow, personal communication, December 1996 ; Fig 3 B) . Vertical changes were assessed by superimposing on the palatal plane (Fig 3 B) .
Statistical Analysis
The means and standard deviations of the changes in the various measurements were obtained. The data were imported in a SAS data set and analyzed in the following manner: (1) within-group comparisons of treatment changes at different times were made with paired t test, (2) between-group comparisons were completed using individual sample t tests, and (3) for groups of 3 or more, an analysis of variance (ANOVA) was completed followed by a Student-Newman-Keuls procedure.
RESULTS

Changes from Pretreatment to Post-Jones Jig (T1-T2)
The mean, standard deviation, and statistical significance of the cephalometric changes of the soft tissue and skeletal and dental measurements from the start to immediate post-Jones jig are summarized in Table II . The maxillary first molar tipped distally an average of 7.53°± 4.57°, whereas the maxillary second premolar tipped mesially 4.76°± 4.74°. The mean distal movement of the maxillary first molar was 2.51 ± 1.35 mm, whereas the mesial movement of the premolar was 2.0 ± 1.99 mm.
Extrusion of the maxillary first molar was not significant, with a mean change of 0.14 mm. The maxillary premolars showed an extrusion of 1.88 ± 1.56 mm. The upper and lower lips protruded during treatment an average of 0.03 mm and 0.68 mm, respectively. Minimal tipping of the palatal, anatomic occlusal, and mandibular planes occurred. Lower anterior facial height (ANS to menton) increased insignificantly, 1.46 ± 1.61 mm.
Pretreatment to Posttreatment Changes in the Jones jig sample (T1-T3)
The mean, standard deviation, and statistical significance of the cephalometric changes of the soft tissue and skeletal and dental measurements from start to completion of orthodontic treatment are summarized in Table II . The maxillary first molar was seen to upright an average of 2.66°± 4.96°, whereas the maxillary premolar was seen to upright 0.36°± 5.43°. The mean maxillary first molar mesial movement was 1.58 ± 2.50 mm, whereas mesial movement of the second premolar was 1.57 ± 2.39 mm.
Extrusion of the maxillary first molar was a mean of 
Comparison Between the Jones Jig and Cervical Headgear Samples (T1-T3)
The mean, standard deviation, and statistical significance of the differences of cephalometric changes of soft tissue, skeletal and dental measurements from start to completion of orthodontic treatment for the Jones jig sample and the comparison treatment headgear sample are summarized in Table III . There were no statistically significant differences in the changes of final position of the maxillary first molars, premolars, and incisors between the cervical headgear and Jones jig sample. However, the Jones jig sample finished with a mean 2.11°versus 0.23°increased angulation of the maxillary incisor position relative to SN plane. Compared with the Jones jig, the headgear sample showed the following significant changes: an increased change in lower lip to E line (P = .0212) due to the decrease in the A point measurement of the headgear sample, a decrease in SNA (P = .0093), and a decreased change in maxillary second molar to SN (P = .0001). Overjet and overbite changes were similar and showed no significant differences between the samples (P = .6183).
DISCUSSION
The distal movement of the maxillary first molars into a Class I relationship is a difficult hurdle in the correction of Angle Class II malocclusions without the extraction of teeth. Several methods [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] have previously been advocated including the use of extraoral force, Wilson mechanics combined with Class II elastics, 31 and removable appliances. 32 All these treatment modalities require varying degrees of patient compliance. The development of appliances for distal movement of maxillary molars requiring limited patient compliance has included repelling magnets, compressed coil springs, superelastic nickel titanium wires, TMA loops, and the Jones jig appliance.
This clinical retrospective study examined a sample of 72 consecutively treated patients. In the articles reviewed in preparation for this report, we found that studies of molar distal movement have consisted of case reports or included small samples ranging from 8 to 19 patients. Conclusions based on limited sample sizes may not be accurate because of individ- ual variability that can skew the data. The results of this study indicate that the Jones jig sample showed changes similar to the headgear sample from pretreatment to posttreatment.
Distal Movement of Maxillary Molars in Class II Nonextraction Treatment
The major premise of nonextraction treatment of Class II patients with average to low FMA involves either moving the molar maxillary first molars distally or restricting the growth and mesial migration of the mandibular first molars. The Jones jig acts specifically to move the maxillary first molars into a Class I molar relationship. The maxillary first molars were observed to move distally a mean of 2.51 mm. This change was similar to that reported in studies examining molar movement via the Herbst appliance, [33] [34] [35] Wilson mechanics, 31 repelling magnets, [14] [15] [16] [17] [18] and the pendulum appliance. 28 The vertical change in molar relationship was insignificant. The maxillary first molars tipped distally an average 7.53°.
There was a statistically significant correlation between the amount of change in molar position and the amount of maxillary first molar tipping (r = .5495). Posterior teeth that have tipped distally are of limited use for retraction of the anterior segment; therefore the molar position should be maintained with either a Nance holding arch appliance, utility archwire, or stopped archwire, while the premolars drift distally due to the pull of transseptal fibers. Short Class II elastics may also be used to move the premolar incisor segment distally.
The maxillary second molar teeth were moved distally a mean 1.79 mm, tipped 8.03°, and extruded 0.71 mm. There was a statistically significant correlation between the amount of distal movement and the amount of maxillary second molar tipping (r = .5045, P < .0001). The greater extrusion of the maxillary second molars can probably be attributed to the difference in stage of eruption between the maxillary first and second molars.
Anchorage Loss During Class II Nonextraction Treatment
The use of force to move the maxillary first molars distally has a corresponding reciprocal force that must be effectively resisted in order to maintain the maxillary molars in the desired Class I relationship. However, often the premolar-incisor segment cannot fully resist the reciprocal force and is subsequently moved mesially. The aim of all intraoral nonextraction Class II treatment modalities is to correct the malocclusion with minimal adverse effects. Many of the current nonextraction Class II treatment modalities produce adverse effects on lower incisor position during correction of the molar relationship. These include treatment with Class II elastics, Wilson mechanics, and the Herbst appliance. An alternative treatment plan to consider is to move the maxillary first molars distally with intramaxillary mechanics with as minimal a force as necessary. The Jones jig appliance utilized a 75 g nickel titanium distalization spring and friction-free mechanics to effectively distalize maxillary molars with minimum side effects.
Loss of anchorage was measured at the maxillary premolars and central incisors. The anchor unit consisted of a modified Nance holding arch attached to the premolars with acrylic button coverage the size of a quarter in the depth of the palate. The anchor unit was unable to completely resist the reciprocal mesial force of the Jones jig appliance. The maxillary premolar was moved mesially 2.0 mm, tipped mesially 4.76°, and extruded 1.88 mm. There was a statistically significant correlation between the amount of mesial tooth movement and the amount of maxillary premolar tipping (r = 0.6277, P < .0001). There was also a statistically significant correlation between the amount of maxillary first molar distal movement and maxillary premolar mesial movement (r = 0.5634, P < .0001). The maxillary second premolar-anchorage tooth movements were similar to findings when analyzing the pendulum appliance. 28 
